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Description 



[0001] The present invention relates to new compositions especially powder compositions and emulsion composi- 
tions useful to produce nutritious vitamin and mineral supplemented beverages which contain vitamin E and other fat- 

5 soluble vitamins. . t . ar , Ai 

[00021 Sports beverages such as GATORADE®, and vitamin supplemented waters, are beverages where the addi- 
tion of vitamins is of interest. Also of interest are beverages used to restore electrolytes lost through diarrhea, for 
example Pedialyte®. Also of interest are carbonated beverages such as flavored seltzer waters, soft drinks or mineral 
drinks as well as non-carbonated fruit and vegetable juices, punches and concentrated forms of these beverages In 

io supplementing such beverages, it is often desirable to preserve the optical clarity of the beverage. Fa J-solub e vitamins 
for supplementation are available in many forms, but when added to beverages, will tend to increase the visible turbidity 
Rinoinq i e the formation of a separate fat-soluble vitamin layer on the top of the liquid, is also a problem which is 
often encountered in fat-soluble vitamin fortification in beverages. One means of adding fat-soluble vttamins to bever- 
ages without significantly increasing turbidity or ringing is to encapsulate the vitamins in liposomes. However, this is a 

is costly process, and the concentration of active substance in the liposome tends to be low. h .. an . 

[00031 One object of the present invention is to provide a powder composition of fatsoluble vitamins wh ch can be 
added to beverages in a restorative or nutritionally supplemental amount, preferably without affecting the optical clarrty 
of the beverage and without altering the sensory properties of the beverage to which it is added. In particular the powder 
composition does not cause ringing and enhances the bioavailability. 

so [0004] Another object of the present invention is an emulsion composition comprising a fat-soluble v.tam.n, a matnx 
component as defined herein below, and water. nt 
[0005] Another object of the present invention are tablets made from resp, comprising the powder composition ot 
this invention. The tablets of this invention may be dissolved in a liquid without causing ringing. 
[00061 Another object of the present invention are beverages, by which is meant liquids intended for human or animal 

25 consumption, made from resp. comprising the powder composition of this invention where the fat-soluble vitamms i are 
present in a nutritionally supplemental or restorative amount. Another object of the present invention is a method for 
producing said powder composition. 

[00071 Another object of the invention are food products comprising the powder composition of this invention. 
[0008 The present invention is defined in the claims. Specifically, the present invention relates to a powder compo- 
30 sition which comprises at least one fat-soluble vitamin characterized in that said vitamin is dispersed ,n a ^matrix of a 
natural polysaccharide gum or a mixture of said gums having an emulsifying capacity and/or a protein or a fixture of 
proteins having an emulsifying capacity, and wherein said fat-soluble vitamin is presenl t in said powder 
the form of droplets having an average diameter within the range of about 70 to about 200 nanometers (nm), particularly 

35 [00091 70 A purred powder of this invention comprises fat-soluble vitamin droplets with an average diameter within 
the range of about 80 to about 1 20 nm. Most preferred is an average droplet size of about 1 00 nm in diameter. 
[001 01 The powder composition may include a single vitamin, or more than one vitamin. The vitamin may be ir. pure 
form or may be in a diluent such as an edible oil. Powder compositions of this invention contain vitamin drople s o a 
verv small size As a result, the compositions can be added to a liquid without causing ringing. In addition, bioavailability 

40 is improved. Also, preferred compositions of this invention can be added to a clear liquid without significantly increasing 

[001 1? 6 The powder of this invention is made up of particles which comprise at least one fat-soluble vitamin dispersed 
in a matrix comprising at least one natural polysaccharide gum or at least one protein with emulsifying capacity The 
natural polysaccharide gum or the protein with emulsifying capacity, as used as matrix materials wording to the 

45 present invention, are further on also named "matrix" or "matrix component(s)". These particles may be of various 
sizes but all of them are at least sufficiently large to have a structure throughout which .ndividual droplets of he fat- 
soluble vitamin are distributed. These particles may be as large as several hundred microns. The vitamin droplets have 
an average size within the range of about 70 to about 200 nm in diameter or even less. The droplets may r center fat- 
soluble vitamin in a pure fonrn, orfat-soluble vitamin in a suitable medium or diluent such as an edible oil d "P'^ 

so may also contain a mixture of two or more different fat-soluble vitamins. When the powder is added to a hqu.d, the 
predominant structure of the resulting droplets within the liquid is a vitamin core sheathed by the matnx component 
interface between vitamin and the aqueous medium. .. , 

[00121 Droplet size is conveniently determined by light scattering technique using an instrument such as Malvern 
ZetaSizer 3, which provides an average droplet size (the »Z« average). This method is known in the art and described 

55 in various references, for example in Particle size Distribution, ACS Symposium Series 332, Ed T. Provder, American 
Chemical Society, Washington, DC; 1987. Thus, a powder composition of this invention contains droplets consist ng 
of the fat-soluble vitamin with an average droplet size of about 70 to about 200 nm in diameter as measured by the 
technique of light scattering. 
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[0013] Optical clarity may be estimated by a visual comparison, such that if there is no significant visible added 
turbidity, the liquid has retained its optical clarity. Optical clarity (turbidity) can be accurately measured by turbidimeter. • 
/- To determine the turbidity, a sample is dispersed, with stirring, in water or beverages. After complete dispersion, which 

usually takes a few minutes or more (up to complete dispersion as determined below), the turbidity of the resulting 
. 5 liquid is measured using a turbidimeter as is available from Orbeco Analytical Systems, Inc., Farmingdale, NY. Complete 
dispersion is indicated when a constant turbidity reading is obtained. Turbidity is measured by directing a beam of light 
into a cell containing the test sample, measuring the amount of light that is reflected at a 90 degree angle by any 
droplets present in the sample and comparing it to the light scattered by a standard reference suspension. The intensity 
of the light reflected at 90 degrees is measured by a suitable photodetector, amplified and displayed on a digital readout. 
io The amount of reflected light is directly proportional to the degree of turbidity. NTU (Nephelometric Turbidity Unit) is 
customarily used to describe the results from the turbidity measurement using a turbidimeter. Higher NTU means higher 
turbidity. 

[001 4] Any standard turbidimeter will provide equivalent NTU measurements. For purposes of this invention, an NTU 
often or less is optically clear. For example, the NTU of most of commercial apple juice investigated is about 5. An 

15 optically clear liquid to which a preferred powder composition of this invention has been added will preferably have a 
resulting NTU of no more than forty NTUs, and preferably ten to twenty NTUs. The compositions of this invention may 
also be added to liquids which are not optically clear. In this regard, increase in turbidity is not of concern. Ringing will 
not occur. Also, bioavailability of the vitamin maybe increased. The invention contemplates powder compositions which 
when added to a liquid provide vitamin droplets averaging about 70 to about 200 nm in diameter, preferably about 70 

20 to about 150 nm, more preferably about 80 to about 120 nm, and most preferably about 100 nm. When the liquid is 
optically clear, then the liquid remains for all practical purposes optically clear after addition of a powder composition 
according to this invention. 

[0015] The natural polysaccharide gums and/or the proteins with emulsifying capacity as used in this invention are 
defined heroin below. The polysaccharide gum and/or the protein, as used in this invention both have sufficient emul- 

25 sifying properties. This means that they have sufficient emulsifying properties in an oil-in-water context to emulsify the 
oil into a fine dispersion in an aqueous medium and are capable of forming a stable emulsion of a desired droplet size 
(for example 70-200 nm) under conditions of high pressure homogenization. By high pressure is meant a pressure of 
about 10,000 psi (about 680 bar) to about 60,000 psi (about 4080 bar), and even higher. Natural polysaccharide gums 
with emulsifying capacity and proteins to be used in the present invention are known per se and are commercially 

30 available, or may be isolated by a skilled person using conventional methods. Polysaccharide gums have been de- 
scribed for example in Industrial Gums, 3. Edition, Academic Press, Inc. 1993. 

[0016] Whether a selected polysaccharide gum or a protein to be used according to the present invention has an 
emulsifying capacity sufficient to be used for performing the present invention may be easily determined by assaying 
whether or not said selected polysaccharide gum and/or protein can maintain an emulsion as defined above and as 

35 further described herein below. This is no problem for the expert in the art. Briefly, one starts with a crude emulsion 
made by dissolving the matrix component in a suitable aqueous solvent such as water and during homogenization 
adding fat-soluble vitamins in such proportions as to produce a crude emulsion with a solids content (percent by weight 
of vitamin(s) and matrix component) of preferably no more than 60%. A solids content of 70% is possible however may 
be difficult to process due to the thickness of the emulsion. The amount of lipid, or lipid content, is the lipid component 

40 of the solids content. The lipid component may be pure vitamin or vitamin in an appropriate diluent. The lipid content 
preferably makes up 75% by weight or less of the solids content. If the resulting emulsion has an average emulsion 
droplet size of about 70 to about 200 nm, after one cycle up to about one hundred cycles of emulsification (passes) at 
a pressure of about 10,000 to 60,000 psi (about 680 to about 4080 bar), then the matrix component is suitable to be 
used in this invention. The matrix component should also produce an emulsion which remains stable at least until the 

45 performance of the next preparation step, which preferably is spray drying. 

[001 7] Preferably the matrix component should be at least acceptable for animal consumption. For human consump- 
tion, preferred matrix components should be GRAS (generally recognized as safe) or are an approved material for 
food consumption as determined by the various regulatory agencies world wide. 

[0018] A "natural polysaccharide gum having an emulsifying capacity", within the meaning of the present invention 
so preferably is a polysaccharide gum which originates from plants, animals or microbial sources and which has not been 
intentionally subjected to chemical modifications to alter its chemical structure. All gums such as exudate gums, sea- 
weed gums, seed gums or microbial gums may be used to perform the present invention provided they have an emul- 
sifying capacity and, depending on the use contemplated, are at least acceptable for animal consumption or preferably 
are GRAS or are an approved material for food consumption as determined by the various regulatory agencies world 
55 wide. 

[0019] Examples of natural polysaccharide gums are gum arabic, flaxseed gum, ghatti gum, tamarind gum and ara- 
binogalactan. Preferred are gum arabic, gum ghatti and arabinogalactan. Most preferred is gum arabic. These gums 
have a sufficient emulsifying action. They lower the interfacial tension in oil-in-water emulsions and at the same time 
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increase the viscosity of the aqueous phase. ^c^haride nums at hiaher concentrations than 5%. 

emulsifying capacity. The natural polysacchar.de gum may be mocea wim a p «^ wherein the fal-»oluble 

nometers (nm). rtrAtoinc «,hirh oriainate from plant or animal sources 

[0023] Proteins as used in the present invent.on are £5 pro eTs are known perse. Said 

and possess emuisifying capacity, e.g. gelatine, piant prote.ns and "^^^jJ^S^ soy . be an proteins, 
proteins may be of vegetable (plant) or animal origin. Examples of proteins are sun flower P™ e > J ac H etylated 

crosslinked gelatine. ^ u ^^ ,m with ^mulsifvina capacity or a mixture of 

[0024] The matrix component may comprise a natural P°^^ ha "* ^J^^^'X^roteL. On the other 

mixture of such natural polysaccharide gums of different origins toge (her ^wrth 00 a p ^ ote ~ y 9 crjtical 

or a mixture of such proteins of different origins. In this case the >^«™*%£ ^ be X the ratio of 1 :99 to 
and a matter of optimization. Therefore the ratio of component ^ a mixtur6 of said gums 

S oonact mixture and the op.intod pleasing conditions when using so* a na*U£ 
[0026] As fat-solubla vuarnins, unamin E P. ^ 

Lntpl, oitamin A aoe.atu and ^ZSSSiS^SL. «ih vitamin E aetata 

Torsi^sr^orrutr l^p^ -s ao . «« « «, - • 

about 100 nm; 

(ii) the fat-soluble vitamin is selected from the group consisting of vitamin E or its esters, vitamin A or its esters, 

vitamin K, and vitamin D3; and ^..teiiwinn eanacitv aum or a protein with 

(Hi) the matrix component comprises a natural polysacchar.de with emulsifying capacity gum p 

emulsifying capacity. 

[0028] Most preferably the fat-soluble vitamin is vitamin E ZSf ^ ^ ^ ^ 

ghatti and gelatine, preferably from gum arabic or gelatine anc .pre erabfy from gum a J* 

^^3^ — - a d - wei9ht basis ' the 

total weight of the components adding up to 100% by weight preferably about 25% by 

S3. itt'SXS^XZZZZZ •—5' - - as a 
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final powder product usually has a moisture content of about 1-3% by weight. 

[0031] The composition may contain only vitamin and matrix components in percentages that add up to 1 00%. The 
composition may also contain a small amount of residual water. The amount of residual water depends on the drying 
technology used, which will be evident to a skilled practitioner. A typical amount of residual water is up to about 4.0% 
by weight. Alternately, other ingredients standard to a vitamin powder composition may be added, for example vitamin 
protectors such as sucrose or maltodextrin alone or in combination, and/or antioxidants, and the amounts of vitamin 
and matrix component adjusted accordingly. Part of this invention therefore is also a composition where the ratio of 
fat-soluble vitamin to matrix component is from about 1 :99 to about 3:1 . A preferred composition comprises from about 
15 to about 40 percent by weight of fat-soluble vitamin and from about 60 to 85% by weight of matrix component. A 
preferred ratio of fat-soluble vitamin to matrix component is about 1:8 to 1:1, preferably about 1:5.7 to 1:1.5. In a 
particularly preferred composition, the fat-soluble vitamin is vitamin E or vitamin E acetate and the matrix component 
is gum arabic or gelatine, especially gum arabic. 

[0032] Also part of this invention is an emulsion composition which comprises a fat-soluble vitamin; a matrix com- 
ponent as defined above, optionally a preservative and water, wherein the droplets of the emulsion are no more than 
about 70 to about 200 nanometers in diameter. 

[0033] A preferred emulsion comprises about 5% to about 20% by weight of the fat-soluble vitamin, preferably about 
7.5% to about 20%; about 30% to 40% by weight of the matrix component, and about 50% to about 55% of water, 
wherein the weight-% of all the components add up to 100%. 

[0034] This emulsion is useful for preparing the powder composition of the present invention. The preferred matrix 
component is as defined above. A preferred vitamin is vitamin E and its acetate. When other components such as 
preservatives are included, the percent vitamin, matrix component, and water may be adjusted accordingly. 
[0035] Tablets, in particular effervescent tablets, are part of the present invention. Such tablets comprise a fat-soluble 
vitamin and the matrix component as defined above, and are preferably obtained from a powder composition according 
to this invention and as described herein by formulating the composition into effervescent tablets by conventional 
tabletting means. When added to a liquid such as water, mineral water, or a beverage, the tablet dissolves and provides 
a liquid whose fat-soluble vitamin contents do not cause ringing, by which is meant separation of a top fat-soluble 
vitamin layer on the liquid. The tablets of this invention may be produced from any powder composition described 
herein, for example compositions wherein the preferred matrix is a gum as defined above, especially gum arabic, 
arabinogalactan, gum ghatti, or gelatine, preferably gum arabic and a preferred vitamin is vitamin E and its acetate. 
[0036] This invention is also directed to a beverage as obtainable from a powder composition or an emulsion as 
described above. The present invention is also directed to beverages comprising a mixture of 

(i) a matrix component as defined above, and a nutritionally supplemental amount of a fat-soluble vitamin in the 
form of droplets which average from about 70 to about 200 nm in diameter, preferably about 70 to about 150 nm 
in diameter; and 

(ii) a liquid comprising juice and/or water, and, optionally, a flavor, to bring the beverage weight to 100%. 
Preferred are beverages as described above wherein 

(i) the fat-soluble vitamin is selected from the group consisting of vitamin E or its esters, vitamin A or its esters, 
vitamin K, and vitamin D3, 

(ii) the matrix is a gum or a protein as described above, especially gum arabic, arabinogalactan, gum ghatti, or 
gelatine, preferably gum arabic or gelatine. 

[0037] Most preferred is a beverage wherein the fat-soluble vitamin is vitamin E acetate and the matrix is gum arabic 
or gelatine. A preferred amount for vitamin is from about 2 to 1 2 mg of vitamin E per 1 00 grams of liquid. An especially 
preferred amount is 3.2 to 8.0 mg per 100 grams. Most preferred is about 6.0 mg per 100 grams. 
[0038] The liquid for a typical beverage may be about 3% fruit juice and 97% water, or 0.05% flavor, 1 .95% fruit juice, 
and 98% water. Sweeteners, preservatives, and stabilizers, and other known beverage components may be included 
in the beverage. When these components are included, the percent juice, flavor, and water are adjusted accordingly. 
[0039] In the case of clear beverages, the preferred beverage should have an optical clarity, which does not differ 
significantly from its optical clarity before addition of the powder, for example which does not appear significantly more 
turbid on visual inspection. 

[0040] This invention is also directed to a beverage comprising a mixture of 

(i) a nutritionally supplemental amount of a fat-soluble vitamin, and a matrix component as define herein above, and 

(ii) a liquid comprising juice and/or water, and, optionally, a flavor, to bring the beverage weight to 1 00%, 
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ESST Fat-soluble vitamins may be added in a restorative amount, i.e. enough vitamin to replace vitamin , naturally 
present in a beverage such as juice or milk, which vitamin has been lost or inactrvated dunng P re «^^Sf f J 
v^mins may also be added in a nutritionally supplemental amount, i.e. an amount of vrtam.n "^ d *^*S2T*I 
Sd or adult to consume based on RDAs and other such standards, preferably from about one to >X\ m t mes the 

STi. pofehcy thah «-* E, it is pref.rrsd ,o for™,.* .he ^^7^21^ ££S 
~. muhlpfe of J W prefect, , ,o 3 «™e the RDA ^-^"^ — °° £ « 

'So ^PeT. P-d" elpltt. Whether or not dllufi.n Is necese.r, »,,. depend on ,h. pot.no, o. the „.aa,n. 

SS2 y ^e^ngTo,* invention nan be carbena.ed Peveragea, e.g. Havered sefaer »a.ers, e«*nteer 
TetL ££ZZ an nen-ca*ena«ed iuices, ^SrS 

SLST Bv ITv P ef 'example the fruit luices and fruit flavors us.d herein include grape, pear, passion hut, pineapple 

"juice product" refers to both fruit and vegetable juice beverages and fruit and vegetable juce ><™*™™ 
c J r P r£e J .east about 45% fruit juice. Vegetable when used herein includes both T^^S^^S a 
tubers, leaves, rinds, and also if not otherwise indicated, any grams, nuts, beans, and sprouts wh.ch are prov.oe 

EST srorbevlmgeTare also contemplated as beverages which can be supplemented by the *o^™g+ 
rsofthe^rese"^ 

or artificial Savors. These beverages can also contain citric acid, sodium citrate, monopotass.um phosphate, 
juice such as, for example, orange, lemon, apple, raspberry, cherry, apricot, pear, grapefru.t, grape, lime, 
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carrot, pineapple, melon, mango, papaya, passion fruit: banana and banana puree, cranberry, tomato, carrot, cabbage, 
celery, cucumber, spinach, and various mixtures thereof. Juice beverages also include extended juice products which 
are referred to as "nectars". These extended juice products typically comprise from about 50% to about 90% juice, 
preferably, from about 50% to about 70% juice. Nectars usually have added sugars or artificial sweeteners or carbo- 
5 hydrate substitutes. As used herein, the term "citrus juice" refers to fruit juices selected from orange juice, lemon juice, 
lime juice, grapefruit juice, tangerine juice and mixtures thereof. 

[0048] As used herein, the term "juice materials" refers to concentrated fruit or vegetable juice, plus other juice 
materials such as juice aroma and flavor volatiles, peel oils, and pulp or pomace. As used herein, the term "juice 
concentrate" refers to a fruit or vegetable juice product which, when diluted with the appropriate amount of water, forms 
10 drinkable juice beverages. Juice concentrates within the scope of the present invention are typically formulated to 
provide drinkable beverages when diluted with 3 to 5 parts by weight water. 

[0049] As used herein the term "beverage concentrate" or "bottling syrup" refers to a mixture of flavors, water and 
from about 10% to about 60% sugar or carbohydrate substitute, i.e. sucrose, dextrose, com syrup solids, fructose, 
dextrins, polydextrose and mixtures thereof. 

15 [0050] The flavor component of the beverages and beverage concentrates contains flavors selected from fruit flavors, 
vegetable flavors, botanical flavors and mixtures thereof. As used herein, the term "fruit flavor refers to those flavors 
derived from the edible reproductive part of a seed plant, especially one having a sweet pulp associated with the seed, 
and "vegetable flavor" refers to flavors derived from other edible parts of seed and other plants. Also included within 
the term "fruit flavor" and "vegetable flavor" are synthetically prepared flavors made to simulate fruitor vegetable flavors 

20 derived from natural sources. Particularly preferred fruit flavors are the citrus flavors including orange, lemon, lime and 
grapefruit flavors. Besides citrus flavors, a variety of other fruit flavors can be used such as apple, grape, cherry, 
pineapple, mango and papaya flavors and the like. These fruit flavors can be derived from natural sources such as 
juices and flavor oils, or can be synthetically prepared. As used herein, the term "botanical flavor" refers to flavors 
derived from parts of a plant other than the fruit; i.e. derived from nuts, bark, roots and leaves, and beans such as 

25 coffee, cocoa, and vanilla. Also included within the term "botanical flavor" are synthetically prepared flavors made to 
simulate botanical flavors derived from natural sources. Examples of such flavors include cola, tea, coffee, chocolate, 
vanilla, almond, and the like. Botanical flavors can be derived from natural sources such as essential oils and extracts, 
or can be synthetically prepared. 

[0051] The flavor component can comprise a blend of various flavors, e.g. lemon and lime flavors, cola flavors and 

30 citrus flavors to form cola flavors, etc. If desired, juices such as orange, lemon, lime, apple, grape, carrot, celery, and 
like juices can be used in the flavor component. The flavors in the flavor component are sometimes formed into emulsion 
droplets which are then dispersed in the beverage concentrate. Because these droplets usually have a specific gravity 
less than that of water and would therefore form a separate phase, weighting agents (which can also act as clouding 
agents) are typically used to keep the emulsion droplets dispersed in the beverage. Examples of such weighting agents 

35 are brominated vegetable oils (BVO) and rosin esters, in particular the ester gums. See L.F. Green, Developments in 
Soft Drinks Technology, Vol. 1 , (Applied Science Publishers Ltd. 1978), pp. 87-93, for a further description of the use 
of weighting and clouding agents in liquid beverages. Besides weighting agents, emulsifiers and emulsion stabilizers 
can be used to stabilize the emulsion droplets. The particular amount of the flavor component effective for imparting 
flavor characteristics to the beverages and beverage concentrates ("flavor enhancing") can depend upon the fiavor(s) 

40 selected, the flavor impression desired, and the form of the flavor component. The flavor component can comprise at 
least 0.05% by weight of the beverage composition, and typically from 0.1 % to 2% by weight for carbonated beverages. 
When juices are used as the flavor, the flavor component can comprise, on a single-strength basis, up to 25% fruit 
juice by weight of the beverage, preferably from 5% to 15% juice by weight for carbonated beverages. 
[0052] Carbon dioxide can be introduced into the water which is mixed with the beverage syrup or into the drinkable 

45 beverage after dilution to achieve carbonation. The carbonated beverage can be placed Into a container such as a 
bottle or can and then sealed. Any conventional carbonation methodology can be used to make the carbonated bev- 
erages of this invention. The amount of carbon dioxide introduced into the beverage will depend upon the particular 
flavor system used and the amount of carbonation desired. Usually, carbonated beverages of the present invention 
contain from 1.0 to 4.5 volumes of carbon dioxide. The preferred carbonated beverages contain from 2 to about 3.5 

50 volumes of carbon dioxide. 

[0053] The present invention is also particularly suited for the supplementation of beverages and beverage concen- 
trates, including citrus juices. The beverages can contain from 3% to 1 00% juice or from about 0.05% to about 1 0% 
of an artificial or natural flavor particularly orange juice. The concentrated orange juice, orange juice aroma and flavor 
volatiles, pulp and peel oils used in the method of the present invention can be obtained from standard orange juice. 

55 SeeNagyetal, Citrus Science and Technology, Volume 2, (AVI Publishing Co. 1977), pp 177-252 for standard process- 
ing of oranges, grapefruit and tangerines. (See also Nelson et al, Fruit and Vegetable Juice Processing Technology 
(3rd Ed. : AVI Publishing 1980),pp. 180-505 for standard processing of noncitrus juices such as apple, grape, pineapple, 
etc. to provide sources of juice and juice materials for noncitrus juice products). 
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100541 Juices from different sources are frequently "^d,^ 

Ses of oranges can be blended „ Z^ t^Xrl^. However, preferred sugar 
A sugar to acid ratio of from about 8:1 to about 20. s i cons ere p 

to acid ratios are typically from about 11 S p^cts, for example giucose, sucrose, and fructose. 
[0055] Sweeteners include the sugars normally present in juice pr , ^ symp and m)X . 

Sugars also include high fructose corn syrup .nvert syrup sugar a' c °™ s ' » contajn other swee teners. 

fures thereof. In addition to sugar, extended l"«e beverag o ^ P^^^^fVlatolne lower a.kyl ester 
Other suitable sweeteners include saochann, cy ^'a^tes acetosulf am. ducts is aspa rtame. 

sweeteners (e.g. aspartame). A particularly P«2£^S^^-^^^ 1 6 ° B * X (1 6 * ^ '"*"* IT 
For single-strength juice ^f2?SSiS sugar content of such beverages depends upon the 
juice contains about 16% soluble solid and so ^r«oL containing at least about 95% juice, the sugar content 
amount of juice contained herein. For full-strength compris e from about 50% to about 

fs Ually from about 5- to about 14- orfrom about 2« to about 

90% juice, the sugar content is typically from about £ to abo uMSW I ^ ^ sugar content can 

8° Brix (other sweetener containing). For ju.ce con^ concentrates is from about 20" to 

range from about 6° to about 75- Bnx. Typical y ^ •^f^SowtorBbly from about 35* to about 50- Brix. 
about 50' Brix. For orange juice ^ cen ™^^ depends upon the particular sweet- 

[0056] The amount of the sweetener effective in the beve age ol xne in p dep ending upon the 

ener used and the sweetness intensity des.red. For nonca to J ^J^^ 1% t0 14 % (typically from 6% to 
sweetness intensity of the particular • m ^^^^^ n f rom 9% to 1 3% by weight sugar. In determin.ng 
1 4 %) by weightfor carbonated beverages. Preferred b^?^"™" „ Qtner swee tener present in the flavor com- 
tne amount of sugar for beverages of the presen * J^^^^^^rtng a noncaloric sweetener such 
ponent, such as in juice, is also included. Low-calone sweetener comwn be es . For beV erage syrups, the 

as aspartame and a sugar such as high fructose com syrup can a ^ so be ^ se ^ *^ about 4Wo t0 ab0 ut 60%. 

amount of sugar in a beverage syrup is from so ,ub.e or fat-soluble vitamins. The 

^°o?r ^ ■ - * - ch are ,ater added v,lam,n 

compositions that are not of this invention. nack aaed in conventional packages forthe particular 

titamins such as vitamin E into a cosmetic. If the cosmet c . ^optica W <^r £ designed for app ,ication 

may be used to avoid increasing the turbidity of the < josmet J*J various ointm ents, make-up 

, to L skin, hair, or nails, for example skin care products ^f^J^^L,^, an d the like. The cosmetic 
compositions for use on the face, eyes, or .ips .■h-^^SX^^"* 8 ' impositions intended for 
may contain other active ingredients as used in the cosmettcs J™^^ ^ formulations will be 

topL application in the form of ^^ns^^ ^^Tis added at an appropriate time in the 



40 



45 



50 



55 



SLSSS V£E£. - £SZ£Z*Z invention is added at an appropriate time in the 
production process such as to be thoroughly blended into the i cosmet^ , fat . soluble vita min which droplets 

£>059] The powder composition of this ^^^^^J^lT^t 1 50 nm. more preferably about 
average about 70 to about 200 nanometers amete (P referably ab ^ ^ ^ ^ ^ herejn above 

80 to about 120nm, and most preferably about 100 nm), ana wmoi 
can be made by 

to dissolve in the water; d emu | sion , preferably a crude emulsion 

!^JSnr.t£S5 i — > «* - — «■ - - *- 
SL,*. — . — . - - p » - - - - - WBh,n ,n ° OTUNon ls de " nm ""*"° b ° *"* 

1500 nm or less; f _ h _ ut s o C t0 abou t 75°C at a pressure of about 

(d) emulsifying the crude emulsion of step (c) ^^2lt^ol%,000 psi (about 1 700 bar) to obtain 
0,000 to about 60.000 psi (about 680 to about 408C baO, pref « « . ^ ^ jn djameter; 

a vitamin supplement emulsion consisting of droplets with average sizes or a 
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component. 



[0060] Step (a) can be done at any reasonable temperature to ensure a rapid dissolution of the Matrix component 
in water and to fully utilize its functionality. To ensure complete dissolution of the matrix component within a reasonable 

5 amount of time, heating to about 70°C or 80°C is preferable, after which the resulting solution may be conveniently 
cooled to about room temperature or a little higher (about 30 Q C). In order to attain the desired droplet size, the emulsion 
step (d) may be repeated through one or more passes as necessary to obtain the desired droplet size, i.e. the crude 
emulsion is passed into the homogenization vessel, emulsified, passed out of the homogenization vessel, and passed 
through the homogenization vessel again until the desired droplet size is attained. Usually at least five to twenty passes 

10 will be required. These passes are usually all performed at the same pressure and the same system parameters, but 
different pressures maybe used for different passes (other system parameters could also be varied for different passes). 
The period of time for one pass is not critical. The amount of time per pass will depend on system parameters including 
emulsion viscosity, batch size, flow rate and pressure. These parameters will depend on the precise processing format 
selected, and may be varied by the skilled person to obtain the desired results. Emulsification passes should continue 

15 until testing shows that the desired droplet size is achieved as determined by particle size analysis (for example by 
light scattering as described above). It is important that the homogenization step be performed at an ultra-high pressure 
as described above to effectively reduce the droplet size of the emulsion to a desirable size. The homogenization 
temperature as measured at the exit of the homogenizer is preferably below 70°C. The emulsion is then converted to 
a powder, by a known technology such as freeze-drying, fluid-bed drying, beadlet formation, but preferably by spray- 

20 drying, to obtain a powder composition which comprises droplets of a fat-soluble vitamin which droplets average about 
70 to about 200 nm in diameter (preferably about 70 to about 150 nm, more preferably about 80 to about 1 20 nm : and 
most preferably 100 nm), and which are dispersed in a matrix of natural polysaccharide gum or of protein. A powder 
composition produced by this process is part of this invention. 

[0061] The final emulsion yields a powder which, upon redispersal in a liquid, yields an emulsion droplet size generally 

25 about 5-15 nm larger than the droplet size of the emulsion before spray drying. A powder so produced will contain 
vitamin droplets e.g. of 200 nm or less. Such a powder when added to a liquid, will provide droplets with average droplet 
size of about 70 to about 200 nm, preferably about 70 to about 150 nm, most preferably about 100 nm. Such droplet 
sizes are convenient for adding to beverages at fortification levels of up to about 2 to about 12 mg, preferably about 
3.2 to about 8 mg and especially about 6 mg of vitamin per 1 00 g of beverage. As discussed above, vitamin E may be 

30 added in pure form (i.e. 6 mg vitamin E per 100 g). However, the more potent fat-soluble vitamins will preferably be 
diluted, so that what is added would be 6 mg of vitamin in diluent rather than 6 mg of pure vitamin. When added, the 
resulting beverage should display no ringing. In addition, the added vitamin maybe provided with superior bioavailability. 
[0062] With regard to an originally optically clear beverage, in order to maintain optical clarity a preferred composition 
of this invention may be added. The NTU of the resulting beverage should be no more than 30 : and preferably around 

35 1 0 to 1 5, especially at lower levels of fortification. In general, at the desired levels of fortification a droplet size of about 
120 nm in diameter is acceptable with regard to optical clarity, and does not contribute substantial NTUs. In general a 
droplet of smaller size may be preferable for use at a higher level of fortification . Thus with regard to minimizing turbidity 
in an optically clear beverage, a powder with a higher average vitamin droplet size would be more useful at a lower 
level of fortification while a powder with a lower average vitamin droplet size would be preferable at a higher level of 

40 fortification. In this regard, Figure 2 provides guidance on the relationship between droplet size and optical clarity. As 
can be seen by this best fit approximation, this relationship is roughly linear such that as droplet size increases, NTU 
increases for the same level of fortification. Thus optical clarity (NTU) is a function of the droplet size of the composition. 
[0063] To obtain the emulsion and powder of this invention, the parameters of the above process may be varied 
within the limits provided. The pertinent variables are pressure and temperature in the emulsification step, solids con- 

45 tent, which is percent by weight of the vitamin(s) plus the matrix component in the crude emulsion, the lipid component 
of the solids content, which is the percent by weight of the solids content which is vitamin(s), including any edible diluent 
such as oil, and the number of passes through the emulsification step. Within the guidance of this invention these 
parameters may be varied to obtain a powder composition which contains vitamin droplets of e.g. 200 nm or less in 
diameter, and which has a potency (which is percent by weight of vitamin) of from about 0.5% to 75%, especially about 

so 25% to about 40%, and which provides fortification levels of multiple RDAs of the vitamin, preferably about 1-3 RDA 
of vitamin, most preferably in the form of 5 to about 30 mg of vitamin (pure, or as processed in a diluent) per 8 ounces 
of liquid. 

[0064] The potency of the powder of this invention is determined by the amount of fat-soluble vitamin in the crude 
emulsion. For example, an emulsion which is about 5% to about 15% by weight vitamin (pure vitamin or vitamin in 
55 diluent) will in rough estimate provide a powder with a potency of about 10% to 30% by weight. However, a skilled 
person will be able to vary the emulsion content with the guidance provided by this invention to obtain a desired potency 
in the resulting powder. 

[0065] In general, the lower the pressure, the more passes will be required to obtain an emulsion with a given droplet 
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Also, me htpher m. lipid corn.* ,he ■» l-ni J- ^ «* t£SXE £ 

same result can be obtained by increasing the number of passes. acceptable turbidity for the 

r00661 With regard to obtaining a powder containing droplets of a size which P rovide a " ' ^S^nt variable It is 
desiSd fortificatfon level, the droplet size resu.ting from addition of the powder ,s the ^^^^^ 
possible to add less of a higher potency powder than of a owe. ^potency ^J^J^^ " not negate 
but if the higher potency powder has a larger droplet size, then the fact that less of this powaer 
the effect of the droplet size and higher turbidity will result. oramotor<5 mav be varied within the following 

.00671 To obtain powder compositions of this invention, the above P^^^^^J^JL Drefer ably 

potency is from about 25% to about 40%. The number of passes that will be required to atta.n drop 

obtain a powder composition of this invention. Mtl ^ n n f fat soluble vitamin and matrix 

about 200 am, preferably about 70 to 150 nm more ^^J^^T^Z^m ol matrix oomponent, 

has dissolved. oKrt . lt « n o r anf j the fat-soluble vitamin is slowly 

[0071 ] The solution is then left at or cooled to room temperature to about 30 C : and the tat so.u 

?00721 The crude emulsion is then further emulsified using standard equ.pment and vess^ for this ^pumos 

dogging of the microf ludizer. The temperature at ^^^SS^SS^Z to about 75'C with a cooling 
takes place is best kept between room temperature (about 20-25 C )or abo * C upto * - ^, 

system such as an ice water bath to control the temperature f'^^^TJ^^'^e range depending 
device should be set at a suitable pressure. Note that pressure in the ^W^**™ a Tom 7,250 to 1 4,500 
on the number of pistons in the high pressure pump. A two-piston M.croflu.d.zer may van/ e.g. 

EmwS° Ho'^^ton^thura" or aTumS«"^nber ol peaees to ** ^^e«tt!a»mi 

m a «*Z opr., dryer, such a. a Y.m.,0 Mlm-Spra, Dnrer. 
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Description of the Figures: 
[0074] 

- s Figure 1 : Flow diagram of typical procedure for preparation of a powder composition of this invention. 1 - 25 liter 

Fryma process unit with integrated dissolve disc and colloid mill;. 

2 - gear pump. max. 1,000 liters/hr. max. 100 bar. 3 - microfluidizer, M-210C-E/H, 100 liter/hr. max, 2,000 bar 4 - 
heat exchanger with cold water (ca. 10°C) 5 - milk can 6 - pump integrated to Minor spray dryer 7 - spray dryer 
Minor Model Hi-Tec. 

10 

Figure 2 : Graph of droplet size (nm) versus optical clarity (NTU) for 15.75% vitamin E (circle) and 26.25% vitamin 
E (square) in water dispersion. 

[0075] The following examples served to demonstrate the present invention, but are not intended to limit it in any way. 

15 

Example 1 

[0076] Gum arabic (Example la), and gelatine (Example lb) in an amount of 10 kg was dissolved in 23.3 kg distilled 
water at a temperature up to 80°C. The solution was then cooled to about 30°C. Vitamin E acetate (1.87 kg) was 

20 gradually added and, at the same time, homogenized until the droplet size of the emulsion was below 1500 nm. The 
crude emulsion was then homogenized with a high pressure homogenizer (Microfluidics International Corporation 
[Newton, MA]). The emulsion was recycled through the homogenization process until the droplets of the emulsion 
reached an average size of below 1 40 nm. During the homogenization, the temperature of the emulsion was maintained 
at about 35°C with a cooling system. 

25 [0077] The emulsion was then spray-dried with a spray dryer to yield a powder containing about 15% of vitamin E 
acetate. When the powder was used in beverage fortification, the turbidity of the beverages did not increase significantly 
and also there was no phase separation occurred, that is, the vitamin E acetate lipid phase did not separate from the 
aqueous phase and form a layer on the surface. 

[0078] The amount of powder to be added to a beverage depends on the amount of fortification desired. It is important 

30 to determine the optimal particle size for the desired level of fortification. 

[0079] The beverage or beverage concentrates supplemented with the compositions ortablets of fat-soluble vitamins 
of the present invention can be made by conventional means well known to those of ordinary skill in the art. In general, 
the optically clear composition of fat-soluble vitamins can be simply added and gently mixed into the beverage or 
beverage concentrates or syrups. The effervescent tablet is generally dropped into the beverage and allowed to dissolve 

35 (tablets do not generally yield an optically clear beverage due to other tabletting ingredients, but do give a beverage 
without ringing, provided that other ingredient do notthemselves cause ringing). The beverage concentrates and syrups 
to which the powder composition of fat-soluble vitamins has been added can be used to make final single strength 
beverage by blending the concentrate or syrup with an appropriate amount of water, usually about 1 part concentrate 
or syrup to about 3 to 4 parts of water. The water can be carbonated or non-carbonated. 

40 [0080] Examples of other beverages to which the powder compositions of fat-soluble vitamins as produced in Ex- 
amples la) or lb) can be added in nutritionally supplemental amounts include: 

(a) "sparkling" orange juice comprising 55% orange juice and 45% carbonated water; 

(b) pear-grapefruit nectar comprising 25% pear juice, 20% grapefruit juice, the balance comprising 10% sucrose- 
45 water; 

(c) kiwi-grapefruit drink comprising 20% kiwi fruit juice, 15% grapefruit juice, the balance comprising water; 

(d) mixed fruit "cocktail" comprising 10% each of the juices of passion fruit, mango, guava, pineapple, papaya, 
banana, apricot, mandarin orange, pear and lime juices; 

(e) yogurt/fruit beverage comprising 20% milk products, 1% pectin, 20% pineapple juice, 10% shredded pineapple 
so fruit pulp, 1 6% corn syrup, the balance comprising water; 

(f) cola beverage comprising 0.35% cola flavor emulsion, 11% sugar 0.1% phosphoric acid, 0.1% citric and malic 
acids, caramel coloring, the balance comprising carbonated water; 

(g) full-strength orange juice; 

(h) full-strength apple juice; 

55 (j) full-strength flavored cow's milk. 
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Example 2 (Effervescent Tablets) 

rcoZSwa, stained from Rod,. Vitamins and Fine Ch e^N«WJN. 
water If the surface is observed against reflected light. 

Table 1 



15 



20 



25 



30 



35 



40 



45 



50 



55 



Effervescent Tablet 



Composition 



Beta-Carotene 



Label Claim 
Mg 
6.0C 



as Beta Tab 1 0% E 
Vitamin C 



200.00 



Over-age 



20 



10 



E 26.25% 



Quantities 



mg/Tabl. 



as Ascorbic Acid, Fine Granular 



72.00 



220.00 



E42.1% 



E 50.0% 



Quanti-ties Quan-tities 



Vitamin E 



50.00 



10 



as Dry Vitamin E 26.25% SD Lot 
1 6/96-8 



209.52 



as Dry Vitamin E 42.1% SD Lot 
27903-076 

Citric Acid Anhydrous, Medium 
Granular 



Sodium bicarbonate 
Sodium carbonate 



Mannitol MG 1 



Aspartame 
Sodium cyclamate 



10 



11 



12 



Polyethylene Glycol 6000 Fine 
Powder 2 



Orange flavor Permaseal 7401 6-71 3 



Tangerine flavor Permaseal 
74740-31 3 



Total Tablet Weight 

1 UPP Malito. medium granular Roquette Freres, 4 rue Patou, F-59022 Lille Cedex, France 5 

2 Hoechst AG, Postfach 800320 Frankfurt/Main 80, F.R. Germany 

3 Givaudan DubendorfAG. CH-8600 Dubendorf. Switzerland 

Procedure 
[0083] 

I Pass 3-12 through 1 .00 mm sieve and mix with 1 and 2 for 15 minutes 
H Compress into effervescent tablets 



mg/Tabl. mg/Tabl. 



72.00 



220.00 



72.00 



220.00 





130.64 


<110 


1300.00 


1300.00 


1300.00 


800.00 I 


800.00 J 


800.00 I 


80.00 I 


80.00 


80.00 j 


1138.48 ! 


1217.36 


1238.00 


20.00 ' 


| 20.00 


20.00 | 


30.00 


30.00 


30.00 ! 


100.00 


I 100.00 


100.00 


20.00 


20.00 


20.00 


10.00 


j 10.00 


10.00 


4000.00 


1 4000.00 


4000.00 
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Results 

[0084] Both samples tested gave tablets from the 26.25% and 42.5% vitamin E powders of this invention with ac- 
ceptable hardness and disintegration characteristics. Their compression profiles are very close to that of E 50% CWS/ 
F. Sample 27903-076 containing 42.5% vitamin E showed better hardness and slightly shorter disintegration time than 
the other. 

[0085] On visual inspection of the surface of the water after the disintegration of the tablets 5 made from the 26.25% 
and 42.5% vitamin E powders of this invention did not show any oily droplets. In contrast, oily droplets were visible on 
the surface of water with the vitamin E 50% CWS/F product not made from a composition of this invention. 

Example 3 

[0086] A vitamin conditioning shampoo is produced using standard ingredients and methods as follows using a pow- 
der composition of this invention. Vitamin E acetate powder as produced in Example la) and Example lb) is used as 
follows: Disperse the vitamin E acetate powder as produced in Example la) or Example lb) into water. Add the vitamin 
E acetate powder of Example la) or Example lb) to a mixture of Monamid and phytantriol. Add the panthenol and etyl 
panthenol. Add Part 2 to Part 1 and mix till clear. Add the Kathon CG and perfume. Adjust the pH with citric acid 50% 
solution to pH 6.0 to 6.8. Adjust the viscosity with sodium chloride. 





Ingredients 


CTFA designation 


% by weight 


Part 1 










Deionized water 


Water 


57.05 




Monamid 716 


lauramide DEA 


5.00 




liquid DL-panthenol-50% 


panthenol and water 


2.00 




25% vitamin E acetate powder 


tocopheryl acetate 


0.80 




Phytantriol 


Phytantriol 


0.10% 


Part 2 










Standapol ES-2 


sodium laureth sulfate 


30.00 




Mirataine CBS 


cocamidopropyl hydroxysultaine 


3.00 


Part 3 










sodium chloride 


sodium chloride 


1.00 




citric acid 50% solution 


citric acid 


0.30 




Perfume 


Fragrance 


0.20 




Kathon CG 


Methylchloroisothiazolinone (and) 


0.05 






methylisothiazoiinone 








Total: 


100 



Claims 

1 . Powder composition which comprises at least one fat-soluble vitamin characterized in that said vitamin is dispersed 
in a matrix of a natural polysaccharide gum or a mixture of said gums having an emulsifying capacity and/or a 
protein or a mixture of proteins having an emulsifying capacity, and wherein said fat-soluble vitamin is present in 
said powder composition in the form of droplets having an average diameter within the range of about 70 to about 
200 nanometers (nm). 

2. Powder composition according to claim 1 , wherein said fat-soluble vitamin droplets have an average diameter 
within the range of about 70 to about 150 nm. 

3. Powder composition according to claim 1 or 2, wherein the polysaccharide gum originates from plants, animals or 
microbial sources and is selected from exudate gums, seaweed gums, seed gums or microbial gums. 

4. Powder composition according to any one of the claims 1 to 3, wherein the polysaccharide gum is selected from 
gum arabic, flaxseed gum, ghatti gum, tamarind gum and arabinogalactan. 
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5. Powder composition according to claim 4, wherein the polysaccharid gum is gum arabic 
S. Powder composition accord^ 

3^£S=C5S ^SE-SISSS g^atine i crossed gelatine. 
7 Powder composition according to claim 6, wherein the protein is gelatine. 

A acetate and vitamin A palmitate. 

^ onu nn, of the claims 1 to 9 wherein the ratio of fat-soluble vitamin to matrix 
10. Powder composition according to any one of the claims i 10 wn* 

component is from about 1 :99 to about 3:1 . 
,1. Powder composition according to any one of the Cairns 1 to 9, wherein the ratio of fat-soluble vitamin to matrix 
component is from about 1 :8 to 1 :1 . 

«. Po„dar co m pos»,on according . on. - J- ™' ^TT-C-S 

powdn, product pr.r.raWy ha. a moi.tar. oomant of adoot 1-4% by wnrgnt 
,3. Emonr.on co m poa,«»n uaa.u, .or pr.p.dng .ho ^"^ZVlZiT^o^X^ ^ 

14. Tablets comprising a composition according to any one of the claims 1 to 12. 

15 Beverage and beverage concentrates comprising a composition according to any one of the claims 1 to 13. 

16 Beverages according to claim 15, wherein said beverage has an optica. Canty of no more than 20 NTUs when 
comprising up to 6 mg of vitamin in 1 00 g of liquid. 

,7. S W n oars products hM ,odrr o, dalm, 



1 to 13. 



18. Method for producing a powder composition as claimed in any one of claims 1 to 12 which comprises: 

(a) combining water with the matrix component for a period of time sufficient for the matrix component to 

vitamin to the solution of step (a) to form a crude emulsion, preferably a crude emulsion 

^emi^ 

of about 1 0,000 psi (about 680 bar) to about 60 000 ps, (about diameter sizes accord- 

defined in any one of the claims 1 to 16. 
19. The invention substantially as described hereinbefore, especially with reference to the Examples. 
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The Effect of Emulsion Droplet Size on the Optical Clarity of Vit. E 1 5% SD 

and Vit. E 25% SD Water Dispersion 




I . , . I . » . ! ♦ i i I » ■ . ! : -t l 

80 , 100 120 140 160 180 200 

Particle Size (nm) 
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